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Thepresent invention relates to an improved 
process for the production of-aIpha-alkyl-beta- 
arylnitroethenes by condensation of aromatic 
aldehydos with primary polycarbon nitro paraf- 
fins and fo products produced by such process. 5 
The compounds concerned herein bave the 
formula: 
Aryl--CH=CNO 
10 
wherein aryl is a phenyl or naphthyl radical, 
including  substituted phenyl and naphthyl 
radicals, and R is alkyl..The compounds are 
useful intermediates in the .preparation of 
therapeutically-active amines. 15 
Condensation of nitromethane .with. an - aro- 
matic aldehyde is a ..very rapïd, exothermic re-' 
action, the aldehyde being converted almost 
quantitatively to a nitroethene [Org. Syn. Col. 
vol. I, 2nd ed., John :iley and Sons, New York 20 
(1941), page 413]. In contrast to this rapid 
reaction and high conversion of starting ma- 
terial with nitromethane, the condensation of 
an aromatic aldehyde with a nitro paraffin hav- 
ing. at least two carbon .atoms, such as nitro- 25 
ethane, nitropropane, and .the like,, is character- 
ized by a much slower reaction rate and a low 
conversion of aldehyde to nitroethene, ,wih large 
quantitios of starting aldehyde remaining unre- 
acted inthe mixture of :reaction products. 30 
Known processes for the more difficultly ac- 
compIished condensation of polycarbon nitro 
paraffins and aromatic aldehydes, consist essen- 
tially.in mixing-equimolar quantifies of an aro- 
matic aldehyde with the polycarbon nontertiary 35 
nitro paraffin and a :basic catalyst, either in the 
absence of solvent or. in .the presence of a water- 
soluble alcohol, and allowing the reaction to 
proceed, either ai room temperature or :at .the 
bofling point of the alcohol [Ber. 37/4507 (1904) ; 40 
J. Am. Chem. Soc. 54, 273 (1932); Chem..Rev. 
32, 407, 410 (1943); J. Org. Chem. 12, 501 
(1947)]. The rime necessary to complote the 
condensation varies in length up to several 
weeks, while conversions of the aldehyde to 45 
nitroethene, .are,-except in .a few isolated cases 
where impracticallylong reaction periods bave 
been employed, loss than sixty percent. 
However, when the conversion 'of starting al- 
dehyde is low, e. g., below 60 percent, the product 50 
is unsuited for use. in furher chemical reactions. 
e. g., reductive hydrolysls,, and the considerable 
quantity of unreacted aldehyde .prescrit in the 
mixture of reaction products must be removed 
belote-the product may.be.thus.employed. The 55 
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unreacted aldehyde 'mustbe recovered for eco- 
nomical reasons, and tedious procedures for iso- 
lation of the desired nitroethene product are 
required. This necossary recov.ery of large 
quantities .of unreacted aldehyde presents tech- 
nical diflicultios and expense, for the aldehyde 
in many instances may hot be separated as its 
bisulflte-addition product, the nitroethene also 
forming a water-soluble addition product with 
sodium or potassium bisulflte. While fractional 
distillation of the reaction mixture bas been used 
for small scale separation of unreacted alde- 
hyde from nitroethene .product, this method of 
purification is undesirably hazardous, ospecially 
in large scale operation, as explosions of nitro- 
ethenes may occur during distillation. More- 
over, procedures requiring a lengthy reaction 
rime, such as. more than about eight hours, are 
uneconomical and impractical for commercial 
utilization. Itis obvious that a more rapid con- 
densation procedure-which llows high conver- 
sions  of starting aldehyde and obviates the 
previously tedious-and hazardous operational 
difficulties, .as wèll as the necessity of isolating 
the nitroethene product from the crude mixture 
of-reaction productsbefore use in further chem- 
ical processing, woul'd be.highly desirable. 
It is an object of the present invention to 
provide- a procedure for the condensation of aro- 
matic aldehydes .with primary polycarbon nitro 
paraffins which is more rapid, economical, 
and practicaI.than .previously known methods. 
Another object of the invention is to provide 
a method for such condensation which allows 
high conversions of aldehyde to nitroethene 
product. An dditional object of the invention 
is to.provide a procedure v¢hereby the necessity 
of recovering unreacted starting aldehyde for 
economical operation is'rendered unneeessary, 
and .wherein the nitroalkene reaction product 
may.be used directly without isolation in further 
chemicalreactions. A:further object of this in- 
vention is to provide such a condensation pro- 
cedure which is froc of tedious and hazardous 
operational .difliculties. Other objects of the 
invention will become--apparent hereinafter. 
The objects'-of the.invention, are achieved by 
conducting the condensation Of a primary nitro 
paraflinwith an aromatic aldehyde and prompt- 
ly removing the waterwhich forms as one prod- 
uct of the reaction from. the reaction zone by 
distillation.therefrom or by codistillation there- 
from with .solvent. This is most conveniently 
accomplished by condusting the reaction in a 
water-insoluble solvent :at reflux temperature 



and distilling solvent and water from the reac- 
tion zone. The water may then be separated 
from the solvent and the solvent returned to the 
reaction zone, or fresh solvent may be added 
to replace that lost by distillation. 5 
The increased conversion of aldehyde to nitro- 
ethene by removal from the reaction zone of 
water produced by such condensation is entirely 
unexpected, and the reason for this phenomenon 
is not presently understood. In those known in- 10 
stances where removal of one reaction product 
results in the reaction going morenearly to com- 
pletion, it bas been demonstrated that the 
actants and reaction products exist in equilibrium 
and that it is disturbance of the. equilibrium ]5 
which produces this effect. In the case of the " 
condensation between an aldehyde and a nitro 
paraffin, however, there is no suggestion of re- 
versibility or existence of an equilibrium between 
the aldehyde and nitro Paraffin reactants and 2O 
the nitroethene and water products. The ob- 
served fact that the removal oï water formed 
during the condensation of an aromatic aldehyde 
and a nitro pàraffin will increase the conversion 
of aldehyde to nitroethene is accordingly hot ex- 25 
plainable on a basis oï present knowledge. 
To be suitable for use in the method of this 
invention, in addition to being water-insoluble, 
the solvent, when used, should be ïree of reactive 
groups, such as the carbonyl group, and should 30 
not have such a high boiling point as to cause 
decomposition oï the reactants or reaction prod- 
uct. Suitable solvents are butyl and amyl alco- 
hols and hydrocarbons boiling ïrom 70 to 150 
degrees centigrade, such .as the heptanes, ben- 85 
zenes, octanes, toluene, or xylene. In a particu- 
lar embodiment oï the invention, a preïerred 
reaction solvent is toluene. 
The aromatic aldehyde used contains an alde- 
hyde group attached directly to the phenyl or 40 
naphthyl ring. Representative compounds are 
benzaldehyde, naphthaldehyde, alkyl-substituted 
benzaldehydes and naphthaldeh:¢des, halogen-, 
nitro-, amino-, hydroxy- and alkoxy-substituted 
benzaldehydes and naphthaldehydes, and the 45 
like. Specific compounds which may be men- 
tioned are ortho- and meta-alkoxy-(e, g., meth- 
oxy, ethoxy, etc.) benzaldehydes, the correspond- 
ing anisaldehydes (para-methoxybenzaldehydes), 
3,4-dimethoxybenzaldehyde, benzaldehyde itself, 50 
para-methylbenzaldehyde, para-isopropylb enzal- 
dehyde, 4-chlorobenzaldehyde, naphthaldehyde, 
methylnaphthaldehyde, 4 - methoxynaphthalde- 
hyde, and the like. A preïerred embodiment oï 
the invention contemplates the use oï alkoxy- 55 
substituted benzaldehydes as .the aromatic alde- 
hyde starting material. 
The nitro paraffin employed should be a poly- 
carbon nitro paraffin wherein the nitro group is 
attached to a carbon atom which is in turn at- 6O 
tached to no more than one carbon atom, i. e., 
the nitro group should be attached to a primary 
carbon atom. These polycarbon nitro paraffins 
are referred to as "primary" nitro paraffins 
herein, as those nitro paraffins having a tertiary 65 
structure do hot ordinarily undergo condensation 
and those with a secondary structure do hot give 
the desired nitroethene product. By "polycar- 
bon" is oï course intended a nitro paraffin having 
more than one carbon atom, thus excluding nitro- 7O 
methane, the use of which in condensation with 
aldehydes is hot attended by the difficulties and 
disadvantages accruing fo the use oï polycarbon 
nitro paraffins. The tyPe oï polycarbon nitro 
paraffm which will condense withaldehydes iswell 75 

4 
defined, and representative primary nitro paraf- 
fins useful for the purposes of this invention are 
thus nitroethane, nitropropane, nitrobutane, 
nitropentane, 1-nitro-2-methylpropane, and the 
like, with straight-chain primary nitro paraflïns 
being preferred. The type oï nitro paraffin 
which will undergo condensation with an alde- 
hyde is so well defined in the art that it should 
be unnecessary to delimit this reactant further 
than to say that it is a primary nitro paraffin 
capable of undergoing aldehyde condensation. 
The type of catalyst employed in the condensa- 
tion is aiso known in the art. This may be any 
basic catalyst, preferably one which is soluble in 
the organic reaction solvent, such as primary 
aliphatic amines. Other catalysts which are 
recognized in the art as suitable for this type oï 
condensation may also be nsed. 
A satisfactory method of conducting the con- 
densation is to mix approximately equimolar 
quantities of aromatic aldehyde and polycarbon 
nitro paraffin in toluene or other selected solvent 
and to add a soluble basic catalyst such as a 
primary aliphatic amine, e. g., butyl or amyl 
amine. The solution may be placed in a suitable 
reaction container equipped with a condenser and 
a suitable trap wherein the condensed distfllate 
is collected, water formed dur'mg the reaction 
(and codistflled with the solvent) separated from 
the condensate, and the solvent returned te the 
reaction zone. The course of reaction may be 
followed by observing the quantity of water ob- 
tained from the reaction, the reaction being con- 
sidered complete when no more water is collected. 
In practic.e, this usually occurs when nearly the 
theoretical quantity has been removed from the 
reaction zone. The length of time required te 
remove the water may vary between 4 and 20 
hours depending upen the solvent, the particular. 
reactants, the quantity of material nsed, and the 
rate of distillation. In general, the lower-bofling 
solvents require a longer period for complete re- 
moval of water, but the percentage conversion 
of the aldehyde te nitroethene is substantially the 
saine irrespective of the solvent nsed or the time 
required for complete removal of the water. 
Conversions of the aldehyde are consistently 
greater by the meth0d of this invention than 
when a water-soluble solvent is used or when the 
reaction is conducted in the absence oï a solvent, 
and the water formed during the reaction is hot 
removed, being generally on the order of 90 per- 
cent when the theoretical quantity of water is 
removed. Moreover, the process is much more 
rapid and becanse of the reduced time cycle and 
high conversion is capable of commercial utfliza- 
tion. 
The following examples are illustrative of the 
present invention but are hot te be construed as 
limiting. 
ExampIe 1.--Pror art proceàure 
Sixty-eight grains of ortho-methoxybenzalde- 
hyde and 37.5 grains of nitroethane were added 
to a solution of 10 milliliters of n-butylamine dis- 
solved in 90 milliliters of absolute ethanol and 
the entire reaction mixture heated under reflux 
for six and one-halï hours [procedure similar te 
J. Org. Chem. 12, 501 (1947) ]. The solution was 
then cooled to about rive degrees centigrade and 
allowed to stand overnight at this temperature. 
The precipitated solid was removed by filtration, 
washed with cold ethanol, and dried. The quan- 
tity of alpha - methyl - beta - (ortho - methoxy- 
phenyl)-nitroethene obtained wa 40 grains. 
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The solvent was removed from the combined 
flltrates and the residue frctionally distilled. 
There was obtained 18.4 grams ,of ortho-meth- 
oxybenzaldehyde and 17.1 grams of alpha- 
methyl - beta - (ortho - methoxylhenyl) .nitro- 5 
ethene distilling ai .130-140 degrees'centigrade 
at a pr.ssure of 1.3 millimfters of mercury. The 
combined quantity of product obtained was 57.1 
grams or a conversion of 59 percent, while 18.4 
,grams or 27, percent of the starting aldehyde was 10 
recovered. 
Exampe 2.--Prior ar procedure 
The condensation was repeated .with similar 
quantities of reactants as in Example 1 usln-g 15 
methanol as the solvent. There was ,isolated 
from the reaction product a total of 57.6 grains 
(59.ï percent conversion) of alpha-methyl-beta- 
(ortho - methoxyphenyl) - nitroetene and 11.1 
grams (16 percent) of ortho-methoxybenzalde- 20 
hyde. 
Example 3 
8ixty-eight grains of ortho-methoxybenzalde- 
hyde, 37.5 grams of nitroethane, 100 milliliters 
of benzene and 10 milliliters of n-butylamine 
were placed in a. flask equipped with a reflux 
condenser and a trap suitable for water..separa- 
tion. The solution was heated to boiling, and the 
amount of water separating observed. After 1.5 
hours of refluxing, flfty percent of the calculated 30 
quantity of water had collected in the trap; after 
ten hours, eighty percent; and after 20 hours, 
one hundred percent. The heating was then dis- 
continued and benzene removed by distillation 
in vacuo, whereupon the residual light brown 85 
oil was fractionally distilled and then refrac- 
tionated. The forerun, amounting to two per- 
cent, distilled above the boiling point of ortho- 
methoxybenzaldehyde. The main fraction, boil- 
40 
ing at 144 degrees centigrade at a pressure of 
1.4 millimeters of mercury, weighed 78.7 grains 
and represented a conversion of 91 percent. 
Upon crystallization from alcohol or petroleum 
ether, pure alpha-methyl-beta- (ortho-methoxy- 45 
phenyl)-nitroethene, melting at 51-52 degrees 
centigrade, was obtained. The approximate re- 
fractive index in the super-cooled molten state 
was 1.612. 
Example 4 50 
8ixty-eight grams of ortho-methoxybenzalde- 
hyde, 37.5 grains of nitroethane, 10 milliliters of 
butylamine, and 100 milliliters of toluene were 
mixed and the condensation carried out as in 
Example 3. One and one-tenth hours were re- 55 
quired to remove fifty percent; three and three- 
fourths hours to remove eighty percent; and flve 
and one-fourth hours to remove one hundred 
percent of the calculated quantity of water pro- 
duced by the condensation. The products of the 60 
reaction were isolated as in Example 3. There 
was obtained 63 grains or 80 percent of the theo- 
retical quantity of alpha-methyl-beta-(ortho- 
methoxyphenyl) -nitroethene. 
65 
Example 5 
8ixty-eight grains of ortho-methoxybenzalde- 
hyde, 37.5 grains of nitroethane, 10 milliliters of 
 n-butylamine, and 100 milliliters of xylene were 
mixed and the condensation carried out as in 70 
Example 3. Three-fourths hour was required to 
remove fiïty percent; three hours to remove 
eighty percent; and flve hours to remove one 
hundred percent of the calculated quantity of 
water produced by the condensation. The reac- 75 

tion products were isolated as in Example 3. 
There was obtained OE3.2 grams or.93 percent of 
the .theoretical quantity of alphamethyl-beta- 
( ortho-methoxyphenyl ) --nitroethene. 
Example 6 
In the manner of. Example 3,. approximately 
equimolar proportions of benzaldehyde and 
nitroethane are condensed in toluene in the pres- 
ence of n-butylamine at about reflux .tempera- 
ture, the distillate collected, .water removed, and 
the toluene returned to the reaction .zone. After 
about six hours, the.calculated quantity of water 
bas been removed from the eaction zone and 
heating is discontinued. The .toluene is removed 
by distillation, whereupon fractionation of .the 
remaining oil gives the desired alpha-methyl- 
beta, phenylnitroethene in.a .conversion' of nearly 
90 percent. 
Example 7 
In .the saine manner as. given for Example 3, 
the benzaldehyde and nitropropane are con- 
densed to give alpha-ethyl-beta-phenylnitro- 
25 ethene in a conversion of approximately 80 per- 
cent. 
" Example 8 
In. the manner of .Example. 3, naphthaldehyde 
and nitroethane are-condensed to give alpha, 
methyl-beta-naphthylnitroethane v¢ith conver- 
sion of starting aldehyde of about 70 ,percent of 
.theory. 
Reference is rnade to my copending applica- 
tion 8erial No. 24,429, flled concurrently here- 
with, now U. 8. Patent 2,557,051 wherein is dis- 
closed .certain marrer herein described and 
claimed. 
In conclusion, I hawe found that the step of 
removing the water produced by the condensa- 
tion of an aromatic aldehyde and a primary poly- 
carbon nitro parafïin from the reaction zone to 
be a critical step in that it consistently a]]ows 
the attainment in a single step of conversions 
of starting aldehyde s great as flfty percent 
higher than those previously reported for such 
condensations, and in that it allows the reaction 
product to be used directly without isolation in 
reductive hydrolysis reactions, while such bas not 
been possible with the reaction product of previ- 
ously reported condensations. 
Various modifications may be marie in the pres- 
ent invention without departing from the spirit 
or scope thereof, and it is to be understood as 
limited only as deflned by the appended claires. 
I .claire: 
1. In a process ,for condensing an aromatic al- 
dehyde selected from th,e group consisting of 
benzaldehydes and naphthaldehydes with a pri- 
mary nitro parafiin having at least two carbon 
atoms in the presence of a basic condensation 
catalyst to produce an alpha-alkyl-beta-arylni- 
troethene, the steps of (1) conducting the con- 
densation in a ater-insoluble non-reactive or- 
ganic solvent, and (2) distilling solvent and water 
produced by the condensation from the reaction 
zone sbstantially as rapidly as formed. 
2. In a process for condensing an aromatic 
aldehyde selected from the group consisting of 
benzaldehydes and nphthaldehydes with a pri- 
mary nitro parafïin having at least two carbon 
atoms in the presence of a basic condensation 
catalyst to produce an alpha-alkyl-,beta-arylni- 
troethene, the steps of (1) conducting the con- 
densation in a water-insoinble non-reactive or- 



ganic sotvent, (2) distflling solvent and water 
produced by the condensation from the reaction 
zone substantially as rapidly as .formed, and (3) 
replacing solvent distilled from the reaction zone. 
3. In a process for condensing an aromatic 
aldehyde selected from the group consisting of 
benzaldehydes and naphthaldehydes with a pri- 
mary nitro paraflin having af least two carbon 
atoms fo produce an alpha-alkyl-beta-arylni- 
troethene, the steps of (1) conducting the con- 
d.ensation in a water-insoluble non-reactive sol- 
vent, in the presence of a primary aliphatic 
amine, af about reflux temperature, (2) distill- 
ing solvent and water produced by the conden- 
sation from the reaction mixture sustant]ally 
as rapidly as formed, (3) collecting the distillate, 
(4) separating .water produced by the condensa- 
tion from the collected distfllate, and (5) re- 
turning the solvent fo the reaction zone. 
4. In a process for condensing ortho-methoxy- 
benzaldehyde with nitroethane to produce alpha- 
methyl - beta - (ortho - methoxyphenyD - nitro- 
ethene, the steps of (1) conducting the condensa- 
tion in a hydrocalbon solvent bofling between 70 
and 150 degrees centigrade, in the presence of a 
primary aliphatic amine, af bout reflux temper- 
ature, (2) continuously distilling solvent and 
v¢ater produced by the condensation from the 
reaction mixture, (3) collecting the distfllate, (4) 

separating the .water produced ,'by the condensa- 
tion from the distillate, and (5) returning the 
solvent fo the reaction zone. 
5. In a process for the preparation of alpha- 
5 methyl - beta - (ortho-methoxyphenyl)-nitroeth- 
ene from ortho-methoxy, benzaldehyde and nitro- 
ethane the steps of (1) condensing the ortho- 
methoxybenaldehyde and nitroethane in tolu- 
ene in the presence of n-butylamine at aout 
]0 reflux temperature, (2) continuously distilling 
toluene from the reaction zone together vith 
vater produced by the condensation, (3) separat- 
ing the water produced ,by the condensation from 
 the toluene, and (4) returning the toluene to 
] 5the reaction zone. 
PICHARD V. ITEINZELM.ANN. 
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